Introduction
The family Iridoviridae is subdivided into four genera including Iridovirus, Chloriridovirus, Ranavirus and Lymphocystivirus (Willis, 1990; Francki et al., 1991) . Iridoviruses are icosahedral cytoplasmic DNA viruses that have been isolated from a variety of invertebrate and vertebrate host species, principally from insects. Based on common icosahedral morphology, genomic properties (dsDNA molecule), and the cytoplasmic site of virus assembly, all icosahedral cytoplasmic deoxyriboviruses were grouped under the term iridoviruses. The genus Iridovirus (small iridescent insect virus group) harbours as members insect iridescent virus types 1, 2, 6, 9, 10 and 16 to 32 (Carey et al., 1978; Kelly et al., 1979) . Tipula iridescent virus (TIV) is the first described iridovirus (Xeros, 1954) and was isolated from infected larvae of the crane fly Tipula paludosa (Diptera) . The genome of TIV is a suitable candidate for basic molecular biological research of iridoviruses . TIV was molecularly cloned and the gene encoding the viral
The nucleotide sequence data reported in this paper have been submitted to GenBank and assigned the accession no. M99395. capsid protein has been identified .
The insect iridescent virus type 22 (IV22), another member of the genus Iridovirus, was isolated from the aquatic larvae of a blackfly (Simulium suppressalis; Batson et al., 1976) . Cameron (1990) succeeded in identifying the gene encoding the major structural protein of IV22.
Iridovirus type 6 or Chilo iridescent virus (CIV) is the type species of the small iridescent virus group and was isolated by Fukaya & Nasu (1966) from the rice stem borer, Chilo suppressalis (Lepidoptera); this virus occurs in Japan and the United States (Smith, 1976) . The CIV genome (209 kbp) is circularly permuted and terminally redundant (Delius et al., 1984; Schnitzler et al., 1987; Soltau et al., 1987; Fischer et al., 1990 ). CIV possesses a major capsid protein of about 50K (p50) as reported by Cerutti & Devauchelle (1985) . The most important aspect which merits attention and support for research in this area is the biological relevance of iridoviruses. CIV is of agricultural importance, since it has been shown to infect the green rice leafhopper Nephtotettix eincticeps and to be 99 % lethal for the leafhopper Colladonus montanus (Homoptera: Cicadellidae), the vector of a mycoplasma agent of stone fruits (Jensen et al., 1972) . The goal of the present study was the identification of the gene encoding the major capsid protein of CIV by PCR using oligonucleotide primers corresponding to the common structural feature of the major capsid proteins of TIV (Tajbakhsh et aI., 1990) and IV22 (Cameron, 1990) .
Methods
Virus and cell culture. CIV was propagated in CF-124 cell cultures as described previously (Delius et al., 1984) .
Gene library of CIV genome. The recombinant plasmids harbouring all EcoRI DNA fragments of the CIV genome used in this study were obtained from a defined gene library representing 100% of the DNA sequence of the viral genome which was established as described elsewhere (Schnitzler et al., 1987; Soltau et al., 1987) .
PCR. The synthesized oligonucleotide primers correspond to different regions of the gene encoding the major capsid protein of TIV and IV22 (Cameron, 1990) . The sequences of the individual primers are listed in Table 1 . The PCR was performed using 0.01 fmol of CIV DNA in 100 gl volumes of 50 mM-KC1, 10 mMTri~HC1 pH 8.3, 1.5 mM-MgC12, 0.01% (w/v) gelatin, 200 gmol of each dNTP, 1 gmol of each primer and 2.5 units of Taq DNA polymerase (Perkin-Elmer). Thirty cycles were run in an automated temperature cycling reactor (Ericomp Inc.) which provided 20 s of each incubation at 94 °C, 40 °C and 72 °C per cycle (Saiki et al., 1988) .
Hybridization experiments. Hybridization was performed with a modified Southern blot technique (Southern, 1975) as described previously (Schnitzler et al, 1987) . The nick translation of viral DNA or plasmid DNA was carried out using [~-z~P]dATP and [c~-32P]dCTP (New England Nuclear; specific activity 6000 Ci/mmol) according to Rigby et al. (1977) .
Northern blot analysis. Total cellular RNA from CIV-infected and mock-infected CF-124 cells was extracted using the guanidinium/ caesium chloride method (Glisin et al., 1974; Ullrich et al., 1977) . The Northern blot analysis of these RNAs was carried out using formaldehyde-agarose gel (1%) electrophoresis (Lehrach et al., 1977; Melton et al., 1984) . The hybridization was carried out according to Southern (1975) . The dsDNA probes for the hybridization were nicktranslated as described above.
DNA sequence analysis'. The EcoRI CIV DNA fragments Q and X were subcloned into the corresponding sites of the plasmid vector pUC18 (Yanisch-Perron et al., 1985) . The inserts of the recombinant plasmids harbouring complete or partial sequences of fragments Q and X were inserted into the corresponding sites of phages M13mpl8 and -19. The ssDNA of individual recombinant M 13 phage was sequenced by the dideoxynucleotide chain termination procedure (Sanger et al., 1977; Sanger & Coulson, 1978; Viera & Messing, 1982) , using a modified T7 DNA polymerase. The T7 DNA polymerase (Tabor & Richardson, 1987) and the Sequenase sequencing kit were purchased from United States Biochemical Corporation or obtained from Renner. For determination of the DNA sequences [c~-~2P]dATP (specific activity 800 Ci/mmol) or [c~-35S]dATP (specific activity 500 Ci/mmol) were used. Both radionucleotides were purchased from New England Nuclear. The sequence of each DNA fragment was determined from both strands by analysis of the particular DNA fragment that was inserted into M13mpl8 and -19.
Computer assistance. Nucleotide and amino acid sequences were compiled and analysed using the PC/GENE program release 6.60 (UGenBank 70_29, EMBL 29, SWISS-PROT 20; University of Geneva, Switzerland, Intelligenetics Inc.). virus (Giebel et aL, 1989; Stohwasser et aL, 1990 Stohwasser et aL, , 1991 were used as internal RNA markers.
Results

Strategy for identification of the gene encoding the major capsid protein of CIV
The amino acid sequence of the major capsid proteins of TIV and IV22 together with the D N A nucleotide sequence of the corresponding gene loci of both viruses were compared to each other. The degree of similarity of amino acid residues of the major capsid proteins of TIV and IV22 was found to be 95"7 % (Fig. 4) . The nucleotide sequences of these particular genes show a similarity of 95.9 %. Eight oligonucleotide primers corresponding to different regions of the major capsid proteins of TIV a n d / o r IV22 were constructed (Table 1) . A combination of primers was used for amplification of the corresponding D N A sequences of the genome of CIV by PCR technology. As shown in Table 2 it was found that only the combination of oligonucleotide primers 1 and 8 was able to generate a PCR product of the correct size of about 0.5 kbp. The specificity of this PCR product was determined by D N A -D N A hybridization experiments in which the radioactively labelled D N A fragment derived from P C R was hybridized to the ... ******** ** ** ** *** **** ** ** ** *************** ** ***** ***************** ** **** . ***** ** ** ** ******* **** 
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In these experiments the DNA fragment amplified by PCR, fragment X, and its neighbouring fragments (EcoRI DNA fragments Q and C') were used as probes and were hybridized to the RNA of CIV-infected and mock-infected cells (Fig. 2 ). An RNA transcript of about 1.5 kb (Fig. 2 , marked with arrow) was identified when the DNA fragment amplified by PCR (Fig. 2a) , the fragments X (Fig. 2b) and Q (5"9 kbp; 0.603 to 0.631 viral m.u. ; Fig. 2c ) were used as hybridization probes. In contrast no hybridization signals were observed when fragment C' (1.5 kbp, 0.582 to 0.589 viral m.u.) was used. A second transcript of 1.2 kb was detected additionally when fragment Q was used as a hybridization probe, indicating that this fragment encodes a second viral protein.
The deduced amino acid sequence from the DNA fragment obtained by PCR shows significant homology to the major capsid proteins of TIV and IV22.
DNA sequence analysis
The exact position of the gene encoding the major capsid protein within fragments Q and X was determined by DNA nucleotide sequence analysis of the left termini of fragments Q (251 bp) and X (2.85 kbp) (see Methods). To elucidate the DNA sequences of the expected CIV gene encoding the major capsid protein, the DNA sequence from this region was compared to those of the corresponding genes of TIV and IV22 (Cameron, 1990) (Fig. 3) . Close similarity (66.1% between CIV and TIV) was detected between the aligned sequences, indicating that the expected CIV gene had been identified.
Computer-assisted analysis of the sequences of parts of fragments Q and X revealed the presence of one open reading frame (ORF) with a size of 1401 bp on the lower DNA strand, encoding a protein of 467 amino acids with an Mr of about 51'4 K. The position and orientation of this ORF are illustrated in Fig. 1 . This is in agreement with the size of the RNA transcript detected by Northern blot hybridization as described above.
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Relatedness of the deduced protein
The deduced amino acid sequence of the protein identified in CIV and those of the major capsid proteins from TIV and IV22 were compared (Fig. 4) . A high level (64.7 %) of amino acid sequence similarity was detected between the TIV protein and the deduced protein of CIV; the same value was detected when the CIV and IV22 proteins were compared. This indicates that the gene (1401 bp) encoding the major capsid protein of CIV (467 amino acids; 51.4K) has indeed been identified. The M r found here for this protein is in full agreement with the previously reported M r (50K; Cerutti & Devauchelle, 1990) . Hopp & Woods (1981) hydrophilicity profiles of the CIV, TIV and IV22 major capsid proteins are strikingly similar. The points of highest hydrophilicity, which are in or adjacent to an antigenic site with a 100 % probability, are conserved at amino acid positions 262 to 266 (EERRR), 258 to 262 (EERRR) and 258 to 262 (EERRR) for the CIV, TIV and IV22 proteins, respectively. Further biochemical and biophysical properties of these proteins compared according to Bairoch (1991) are summarized in Table 3 .
To determine the evolutionary relationship of this protein, it was of particular interest to compare the CIV, TIV and IV22 proteins to the major capsid protein of African swine fever virus (ASFV; Lopez-Otin et al., 1990) , previously a member of the family Iridoviridae (Willis, 1990; Francki et al., 1991) . Weak amino acid similarity ranging between 73 % and 7'9 % was detected indicating that the ASFV major capsid protein is different from the related proteins of the genus Iridovirus of the family Iridoviridae.
Discussion
The major capsid protein of CIV consists of two polypeptides, a 150K protein composed of three identical disulphide-linked subunits of 50K (P'50) and a very similar 50K protein (P50) (Cerutti & Devauchelle, 1985) . The major polypeptide represents about 40 % of the total viral proteins. Radioiodination of the external polypeptides revealed that P'50 is not directly exposed at the surface of the virus (Cerutti & Devauchelle, 1985 . The detection of a high level of identity (more than 95 %) in the amino acid composition of the major capsid proteins of two members (TIV and IV22) of the family Iridoviridae led to the development of a strategy for detecting the major capsid protein of CIV using construction of specific oligonucleotide primers and PCR technology. The results of multiple alignments of amino acid sequences of the three proteins justify the conclusion that the major capsid protein has a common structural feature and is well conserved in the genus Iridovirus and probably in the family Iridoviridae. Comparison of results obtained by multiple alignments of the DNA sequence of the corresponding genes of individual viruses revealed related sequences in different regions of these genes. The regions binding primers 1 and 8 underline this high degree of DNA sequence similarity.
The existence of five sulphydryl-containing polypeptides has been reported for CIV (Cerutti & Devauchelle, 1985) , and one of them was found to be the major capsid protein, the subunits of which are linked by disulphide bonds. Several functions of viral disulphidelinked oligomeric proteins are known, e.g. in viral penetration and morphogenesis. In contrast, the amino acid sequence analysis reported here revealed no sulphation sites for this CIV protein. However, its three cysteine residues might be involved in the formation of the oligomeric structure reported by Cerutti & Devauchelle (1985) . In general the data reported here do not contradict the structural model for CIV as constructed by Cerutti & Devauchelle (1985 . Aubertin et al. (1980 Aubertin et al. ( , 1990 have shown that the major capsid protein of frog virus 3 has an M r of 48K and that of the fish lymphocystis disease virus protein was found to be about 50K (Flfigel et al., 1982; Schnitzler et al., 1987) . These values are similar to those found for TIV, IV22 and CIV. Therefore it appears feasible that the method described here could be used to identify the corresponding genes from other members of the family Iridoviridae, e.g. the large iridescent insect virus group (genus Chloriridovirus), frog virus 3 (genus Ranavirus) and fish lymphocystis disease virus (genus Lymphocystivirus).
